(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 





(12) 



(43) Date of publication: 

14.11.2001 Bulletin 2001/46 



(H) EP1 153 708 A1 

EUROPEAN PATENT APPLICATION 

(51) Int CI 7: B23Q 11/10 



(21) Application number: 01304061.3 

(22) Date of filing: 03.05.2001 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MCNLPTSE TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 11.05.2000 GB 0011315 

(71) Applicant: ROLLS-ROYCE pic 
London, SW1E6AT(GB) 

(72) Inventors: 

• Church, Richard 
Knowle, Bristol BS14 9ED (GB) 



• Hill, Chritopher Peter Ralph 
Thornbury, Bristol BS35 1HX (GB) 

• Watkins, James Rodney 

Stoke Bishop, Bristol BS34 6BS (GB) 

(74) Representative: Bird, Vivian John 
Rolls-Royce pic, 

Intellectual Property Department, 

P.O. Box 3, 

EW1-5 

Filton, Bristol BS34 7QE (GB) 



(54) High speed milling 

(57) A method of high speed milling, and apparatus 
for performing the method, comprises directing a jet of 
high pressure coolant at the cutting zone of a rotary cut- 
ting tool. The jet of coolant has a delivery pressure of 



up to 500 bar at a flow rate of up to 60 litres per minute. 
The method is especially effective when used with a ro- 
tary cutting tool having at least 20 cutting edges and up 
to 100 cutting edges. 
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Description 

[0001] The invention relates to a method and appara- 
tus for high speed milling. 

[0002] A method for the controlled removal of chips in 
boring mills is described in European Patent Application 
No 0,624,429. According to this method.and in the bor- 
ing mill apparatus constructed in accordance with the 
principles of the method, one or more jets of fluid at high 
pressure is directed at the location where chips tend to 
accumulate. The cutting fluid is drawn from a reservoir 
by a pump capable of operating at 130-200 bar with a 
flow rate or the order of approximately 30 litres per 
minute, and is directed at the chips emerging from the 
cutting to promote their natural removal. The purpose of 
the jets is to cause the chips to break off quickly and to 
clear away the hcips instead of allowing them to accu- 
mulate in the region of the cutting. 
[0003] The boring mill described is arranged vertically 
with the cutting tool and fluid jets suspended below an 
overhead portion of the machine with the workpiece 
mounted below. The chips naturallly tend to fall down- , 
wards when broken-off by the jets because of their 
weight. The cutting tool and the fluid nozzles are held 
stationery relative to the fixed part of the boring mill while 
the workpiece is rotated about the vertical axis to gen- 
erate the cutting movement. This kind of arrangement 
issuitable for boring cylindrical surfaces and at relatively 
low shock removal rates with single point cutting tools, 
but does not lend itself to use with high speed rotary 
cutting tools of the type used in conjunction with multi- 
axis machining centres. 

[0004] According to one aspect the invention con- 
cerns improvements to a milling operation employing a 
milling cutter of the kind described in ourco-pending ap- 
plication entitled "Multi-Fluted Milling Cutter, GB Patent 
Application No 0011215.1 (priority application). Accord- 
ing to another aspect of the invention the improvements 
concern modifications to apparatus for performing the 
milling operation. 

[0005] According to the present invention in its broad- 
est aspect a method of high speed milling a method of 
high speed milling using a rotary cutting tool including 
the step of directing towards the cutting zone of the ro- 
tary cutting tool a jet of high pressure coolant delivered 
at a pressure of at least 5 Bar and up to about 500 Bar. 
[0006] Also according to the invention there is provid- 
ed apparatus for carrying out the method of high speed 
milling as claimed in any preceding claim comprising a 
spindle for mounting a rotary cutting tool, at least one 
nozzlefor directingtowards the cutting zone of the rotary 
cutting tool a jet of high pressure coolant, a source of 
high pressure coolant connected with said nozzle to de- 
liver a jet of high pressure coolant of at least 5 Bar and 
up to about 500 Bar. 

[0007] The invention and how it may be carried into 
practice will now be described in more detail with refer- 
ence to an arrangement illustrated in the accompanying 



drawing. 

[0008] The illustration of a high speed milling arrange- 
ment shows a rotary cutting tool in the form of a mufti- 
fluted milling cutter 2, which may be of the kind referred 
5 to above, carried in a tool holder 4 mounted on the ro- 
tating spindle 6 of a multi-axis machining centre. The 
spindle axis of the machine may be horizontal as illus- 
trated in the drawing. The workpiece to be milled is 
shown at 5 mounted on a multi-axis worktable, shown 

10 at 7, of a conventional kind. 

[0009] A coolant nozzle 8 is aimed at the cutting zone 
of the milling cutter 2. Coolant is supplied to nozzle 8 
from a fluid source (not shown) through supply ducting 
comprising pipes 10,12. Supply pipe 12 is rotatably 

15 mounted in a swivel coupling 14 which allows pipe 12 
to be rotated about its longitudinal axis 1 6. By swivelling 
the pipe 12 about its axis the pipe 10 and nozzle 8 may 
be swung away from the vicinity of the milling cutter 8 
thereby providing sufficient clearance for an automatic 

20 tool change mechanism to operate to remove and re- 
place the mill 2 and tool holder 4. The swivel coupling 
14 is arranged to receive a supply of liquid coolant 
through a further static pipe 18 connected to source of 
high pressure coolant (not shown). The coupling 14 is 

25 arranged internally to convey the supply of coolant from 
static pipe 18 to rotatable pipe 12 with minimal loss of 
pressure and, failures aside, without leakage. In the 
context of the present invention high pressure coolant 
refers to coolant delivered at a pressure in the range 

30 from about 40 Bar to about 70 Bar but may be up to 500 
Bar, and at a flow rate of up to 60 litre per minute or 
greater. 

[0010] The coolant nozzle 8 is adapted and arranged 
to direct the jet of high pressure coolant, issuing from it 

35 in use, substantially in the direction of the flutes towards 
the cutting zone of the rotary cutting tool 2. The high 
pressure coolant jet assists chip evacuation and is pref- 
erably delivered at a pressure of at least 5 Bar and, as 
mentioned, at up to a pressure within the range from 

40 about 40 Bar to about 70 Bar. Preferably the milling cut- 
ter is of the kind described in our co-pending patent ap- 
plication referenced above, and has a multiplicity of 
small helical flutes or cutting edges at about 20 or 25 in 
number and possibly up to about 100 or even more. 

« [001 1 ] The invention may be applied to all geometries 
of milling cutter and to shallow drilling. The effect of the 
relatively fixed high pressure jet of coolant directed into 
the cutting zone of the rotary cutting tool gives very ef- 
fective swarf removal so that the milling or drilling tool 

so may be provided with smaller flutes and hence stronger 
cutting teeth. Tool wear is also reduced and, in turn, tool 
rotational speed may be increased and overall material 
removal rates may be substantially higher than hitherto 
achieved. The method may be carried into practice us- 

55 ing a multi-axis, numerically controlled machining cen- 
tre. Such machines usually have a horizontal spindle 
and a high flow rate, but low pressure, coolant delivery 
system which fairly well floods the region of the work- 
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piece being machined. In carrying out the present inven- 
tion it is envisioned that the high pressure coolnat deliv- 
ery nozzles will be used close to the rotary cutting tool 
in conjunction with the usual low pressure coolant sys- 
tem which carries away machining debris. 



12. Apparatus substantially as hereinbefore described 
for carrying out a method of high speed milling in 
accordance with any one of claims 1 to 6. 

5 



Claims 



1 . A method of high speed milling using a rotary cutting 10 
tool including the step of directing towards the cut- 
ting zone of the rotary cutting tool a jet of high pres- 
sure coolant delivered at a pressure of at least 5 
Bar and up to about 500 Bar. 

15 

2. A method as claimed in claim 1 wherein the jet of 
high pressure coolant is delivered at a pressure 
within the range of about 40 Bar up to about 70 Bar. 

3. A method as claimed in either claim 1 or claim 2 20 
wherein the jet of high pressure coolant is delivered 

at a flow rate of up to 60 litres per minute or greater. 

4. A method as claimed in anyreceding claim wherein 
the rotary cutting tool comprises a multi-flute milling 25 
cutter having at least 20 cutting edges. 

5. A method as claimed in claim 4 wherein the rotary 
cutting tool has up to about 1 00 cutting edges. 

30 

6. A method of high speed milling substantially as 
hereinbefore described. 



7. Apparatus for carrying out the method of high speed 
milling as claimed in any preceding claim compris- 35 
ing a spindle for mounting a rotary cutting tool, at 
least one nozzle for directing towards the cutting 
zone of the rotary cutting tool a jet of high pressure 
coolant, a source of high pressure coolant connect- 
ed with said nozzle to deliver a jet of high pressure 40 
coolant of at least 5 Bar and up to about 500 Bar. 

8. Apparatus as claimed in claim 7 wherein the rotary 
cutting tool has up to about 100 cutting edges. 

45 

9. Apparatus as claimed in claim 7 or claim 8 compris- 
ing a horizontal spindle, multi-axis machining cen- 
tre. 



1 0. Apparatus as claimed in any one of claims 7, 8 or 9 so 
further comprising nozzle mounting means ar- 
ranged for movement concentric with the spindle 
axis of the machining centre. 

11. Apparatus as claimed in claim 10 wherein the noz- 55 
zle mounting means is arranged to swing clear of 

the machine spindle for a tool changing operation. 



EP 1 153 708 A1 




EP 1 153 708 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 30 4061 



Category 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with Indication, where 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (JntCl.7) 



X 
A 



PATENT ABSTRACTS OF JAPAN 
vol. 016, no. 187 (M-1244), 
7 Hay 1992 (1992-05-07) 
-4 JP 04 025309 A (6ENICHI SATO), 
29 January 1992 (1992-01-29) 

* abstract * 

* figures * 

EP 0 579 371 A (MAKINO MILLING MACHINE) 
19 January 1994 (1994-01-19) 

* column 2, Hne 44 - line 54 * 

column 3, Hne 53 - column 4, Hne 4 * 
column 8, Hne 43 - column 9, Hne 21 * 
column 10, Hne 57 - column 11, Hne 14 



1,3,6-9 
12 



B23Q11/10 



1-3,6,7 

9,12 

4,8 



figures 1,6,8A,8B * 



EP 0 924 028 A (ROLLS R0YCE PLC) 
23 June 1999 (1999-06-23) 

* column 1, Hne 58 - column 2, line 11 * 

* column 3, line 20 - Hne 28 * 

* column 5, line 4 - column 7, Hne 25 * 

* claims 3,6,7 * 

* figure 2 * 

US 2 653 517 A (PI60TT REGINALD J S) 
29 September 1953 (1953-09-29) 

* column 5, Hne 75 - column 6, Hne 9 * 

* column 6, Hne 65 - Hne 73 * 

* figures 8,9 * 

EP 0 911 113 A (ENSHU LIMITED) 
28 April 1999 (1999-04-28) 

* column 6, Hne 2 - Hne 33 * 

* figures 1.17A * 



-/- 



7,9-11 
1-3 



The present search report has been drawn up lor all claims 



TECHNICAL FIELDS 
SEARCHED (lrttCI.7) 



B23Q 



1,3,7 



1,3,7 



THE HAGUE 



Deto d compiotion of tho soa/th 

9 August 2001 



Examher 

Breare, D 



CATEGORY OF CITED DOCUMENTS 

X : pamcuteity relevant it taken alone 

Y : particularly relevant if combined with another 

document of (he same category 
A : technotofifcaj background 
O: riorwfwttendiactosure 
P: 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the rung date 
D: document dad In the appScaUon 
L : document dted for ether reasons 



A member erf the same patent family, corresponding 
document 



EP1 153 708 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 30 4061 





DOCUMENTS CONSIDERED TO BE RELEVANT 




Categot) 


, Citation of document wtth Indication, where appropriate, 
ol relevant passages 


Relevant 
todelm 


CLASSIFICATION OF THE 
APPLICATION (tntCt.7) 


X 


EP 0 123 387 A (YANKOFF GERALD K) 
31 October 1984 (1984-10-31) 

* Daae 10 llnp 1 - I1nr» 7 * 

* page 12A, line 1 - line 5 * 

* page 16, line 21 - page 17, line 5 * 

* page 18, line 12 - line 22 * 

* page 33, line 24 - page 34, line 4 * 


1,3 




X 
A 


US 5 148 728 A (MAZURKIEWICZ MARIAN) 
22 September 1992 (1992-09-22) 

* column 1, line 32 - line 45 * 

* column 2, Hne 39 - line 43 * 

* column 5, Hne 64 - column 6, line 2 * 

* flaures 1 4 * 


1,3 
7 




v 
I 


n F1nel1ne Tungsten-Carbide Burrs" 
MACHINERY, 
vol. 102, no. 2638, 
5 June 1963 (1963-06-05), page 1296 
XP002173557 


4 




A 


* the whole document * 


5,8 


TECHNICAL FIELDS 

searched (intci./) 


A 


W0 99 39852 A (LAGERBERG STIG ;SANDVIK AB 
(SE)) 12 August 1999 (1999-08-12) 
* page 2, line 1 - Hne 11 * 


2,3,7 




A 


US 5 718 156 A (LEB0ULANGER JEAN-PIERRE 
ET AL) 17 February 1998 (1998-02-17) 
* column 1, line 40 - Hne 55 * 


2,3,7 




The present search report has been drawn up for all claims 







THE HAGUE 



Oa*« oJ compt«rtbri of the March 

9 August 2001 



Examiner 

Breare, D 



CATEGORY OF CITED DOCUMENTS 

X : partfcutarty raJevart Lt taken atone 

Y : particularly relevant H combined wtth another 

document of the same category 
A : technologJcai background 
0:non-wrtt 
P : tntormediale c 



T : theory or principle underlying the Invention 
E : earner patent document, but published on, or 

alter the ffltng date 
D : document died bi the application 



A : member of the s 
document 



3 patent family, cotresporxflng 



EP1 153 708 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 30 4061 



This annex lists the patent family membersrelailng to the patent documents died In the above-mentioned European search rewrt 
The members are as contained In the European Patent Office EDP file on ' 
The European Patent Office Is in no way liable for these particulars which are merely Qlven for the purpose of Information. 

09-08-2001 



Patent document 




Publication 




Patent family 


Publication 
date 


atea in search report 


date 




mamber(s) 


JP 04025309 


A 

r\ 


29-01-1992 

—————— — — — — — — 


NONE 






EP 0579371 

mm 1 w mf r *m* f 


A 


19-01-1994 




JP 


2511368 B 


26-06-1996 








JP 


6134647 A 


17-05-1994 








DE 


69326397 D 


21-10-1999 








DE 


69326397 T 


11-05-2000 








US 


5378091 A 


03-01-1995 








JP 


10225814 A 


25-08-1998 








JP 


2894924 B 


ch uj lyyy 








JP 


6134648 A 


17-05-1994 


EP 0924028 




23-06-1999 


GB 


2332634 A,B 


30-06-1999 








JP 


11254324 A 


21-09-1999 








US 


6123606 A 


26-09-2000 


US 2653517 


A 


29-09-1953 


BE 


509890 A 










CH 


303358 A 


30-11-1954 








DE 


930790 C 










FR 


1052110 A 


21-01-1954 








GB 


726183 A 


16-03-1955 








LU 


31452 A 










NL 


85277 C 








— — 


NL 


169522 B 




EP 0911113 


A 


28-04-1999 


JP 


11320328 A 


24-11-1999 








JP 2000044209 A 


15-02-2000 








JP 


11197988 A 


27-07-1999 








US 


6200198 B 


13-03-2001 








EP 


0958887 A 










US 


6135862 A 


24-10-2000 


EP 0123387 


A 


31-10-1984 


AU 


2690984 A 


10-09-1984 








DE 


3466765 D 


19-11-1987 








FI 


844105 A 


18-10-1984 








JP 


60500607 T 


02-05-1985 








NO 


844260 A 


25-10-1984 








WO 


8403239 A 


30-08-1984 








US 


4621547 A 


11-11-1986 








ES 


532672 D 


01-04-1985 








ES 


8503992 A 


01-07-1985 








NZ 


207661 A 


20-02-1987 








PT 


78562 A,B 


01-06-1984 








ZA 


8403865 A 


24-12-1984 


US 5148728 


A 


22-09-1992 


NONE 









uj For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



EP 1 153 708 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 30 4061 



This annex lists the patent lamily membersrelating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EOP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

09-08-2001 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Pubacation 
date 



W0 9939852 



12-08-1999 



SE 
EP 

SE 



513480 C 
1073535 A 
9800212 A 



US 5718156 



17-02-1998 



FR 
DE 
DE 
EP 
ES 
GR 
IL 
JP 



2713117 
69422599 
69422599 
0656239 
2140516 
3032985 
111803 
7185991 



g 

u For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



18-09-2000 
07-02-2001 
28-07-1999 



09-06-1995 
17-02-2000 

06- 07-2000 

07- 06-1995 
01-03-2000 
31-07-2000 
17-08-1999 
25-07-1995 



